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(54) Name of invention Thermoelectric power generator device 

(57) Summary of invention 

[Problem] 

In a thermal electric power generator, to reduce the amount of electric power required in 
the circulation pump to circulate heating medium for heating the high-temperature side 
contact area in the thermoelectric module. 

[Means of resolution] 

Heat transfer pipes 40 wherein a heating medium circulates and heats high temperature 
end contact part 3 1 of thermoelectric module 30; a heat receiving part 42 placed within 
[a] heat source and wherein heating medium is heated; and a heat radiating part 44 placed 
outside of said heat source and heating high-temperature side contact part of said 
thermoelectric module, whereby; said heat receiving part has outlet 42b placed in a 
higher position than inlet 42a, said heat radiating part has inlet 44a placed in a higher 
position than outlet 44b, and said heat radiating part has inlet 44a placed in a higher 
position than heat receiving part outlet 42b 

Scope of Claim for Patent 

Claim 1 

A thermoelectric power generator, comprising; 

a thermoelectric module (30) having a high-temperature side contact part (31) and 
low temperature contact part (32) and; 



heat transfer pipes (40) wherein a heating medium circulates and heats high- 
temperature side contact part (31), and; 

a cooling device (50) cooling low-temperature side contact part (32) of [said] 
thermal module; whereby 

[said] thermoelectric power generator device (20) performs thermoelectric power 
generation by means of a temperature differential arising between [said] high-temperature 
side contact part and low-temperature side contact part of [said] thermoelectric module, 
and; 

[said] heat transfer pipes (40) comprise a heat receiving part (42) placed within 
[a] heat source wherein heating medium is heated, and a heat radiating part (44) placed 
outside [said] heat source and heating [said] high-temperature side contact part of [said] 
thermoelectric module, whereby; 

[said] heat receiving part has outlet (42b) placed in a higher position than inlet 
(42a), [said] heat radiating part has inlet (44a) placed in a higher position than outlet 
(44b), and [said] heat radiating part has inlet (44a) placed in a higher position than heat 
receiving part outlet (42b). 



Claim 2 

A thermal electric power generator according to Claim 1 , whereby; 

[said] cooling device (50) has conduit pipes (51) wherein cooling water circulates 
internally, and a cooling tower (54) wherein cooling water is cooled, and; 

[said] conduit pipes (51) have a cooling part (52) cooling [said] low-temperature 
side contact part (32) of [said] thermoelectric module (30), and; 

[said] cooling part (52) has outlet (52b) placed in a higher position than inlet 
(52a), cooling tower (54) has inlet (54a) placed in a higher position than outlet (54b), and 
cooling tower inlet (54a) is placed in a higher position than cooling part outlet (52b). 

Detailed Description of Invention 

0001 

Field to which Invention Belongs 

The present invention relates to a thermal electric power generator by means of a 
thermoelectric module. 

0002 

Prior Art 

Thermoelectric modules in general create electrical potential when a temperature 
differential is applied between the junction areas of pn-element pairs in an array of p-type 
thermoelectric elements and n-type thermoelectric elements electrically connected 
through electrode plates. This phenomenon is known as the Seebeck effect, and is used 
for thermoelectric power generation, for example using waste heat from garbage 
incinerators. 



0003 



In such thermoelectric power generator devices, the high-temperature side contact part of 
a thermoelectric module is heated by means of thermal medium oil circulating within 
loop-shaped heat transfer tubes, and the low-temperature side contact part of the 
thermoelectric module is cooled by means of cooling water circulating within a cooling 
device, thus causing a temperature differential between the high-temperature side contact 
part and low-temperature side contact part of the thermal module, and [thereby] 
performing thermoelectric power generation. 

0004 

In the case of a thermoelectric power generator device using heat transfer tubes filled 
with thermal medium oil, it is necessary to forcibly circulate the thermal medium oil 
using a circulation pump. Fig. 5 shows the relationship between the flow rate of thermal 
medium oil flowing through the high-temperature side contact part of a thermoelectric 
module and the amount of electric power generated in the thermoelectric module. This 
data is from a case in which the heat source and thermoelectric module are at 
approximately the same height, the temperature of the high-temperature side contact part 
is 130°C, and the temperature of the low-temperature side contact part is 20°C. Referring 
to Fig. 5, it can be seen that the electrical generation output increases as the flow rate of 
thermal medium oil flowing through the high-temperature side contact part of the 
thermoelectric module increases, but at the same time the electric power required to drive 
the pump also increases. Therefore the net electric power generated decreases once the 
flow rate of the thermal medium oil exceeds a given point (in Fig. 5 this is approximately 
2m/sec). 

0005 

Problem to be Resolved by the Invention 

For this reason, in a thermoelectric power generator device using thermal medium oil to 
heat the high-temperature side contact part of a thermoelectric module, the most efficient 
amount of electric power can be obtained by controlling the thermal medium oil at the 
optimum flow rate. However, considering the fact that the amount of electric power 
required to drive the circulation pump is offset against the amount of power generated, 
efficient thermoelectric generation cannot be achieved solely by controlling the thermal 
medium oil at the optimum flow rate. It is necessary to reduce the power required to drive 
the pump as well. 

0006 

Further, if the low-temperature contact part of a thermoelectric module is cooled by 
cooling water, a circulation pump is used to circulate the cooling water and therefore it is 
also necessary to reduce as much as possible the amount of electric power required to 
drive this [circulation] pump. 

0007 

Means of Resolving the Problem 

In order to resolve the above problem, a thermoelectric generator device according to the 
present invention comprises a thermoelectric module having a high-temperature side 
contact part and low temperature contact part and; heat transfer pipes wherein a heating 



medium circulates and heats high-temperature side contact part and; a cooling device 
cooling low-temperature side contact part of [said] thermal module; whereby [said] 
thermoelectric power generator device performs thermoelectric power generation by 
means of a temperature differential arising between [said] high-temperature side contact 
part and low-temperature side contact part of [said] thermoelectric module, and [said] 
heat transfer pipes comprise a heat receiving part placed within [a] heat source wherein 
heating medium is heated, and a heat radiating part placed outside [said] heat source and 
heating [said] high-temperature side contact part of [said] thermoelectric module. 
Specifically, [said] heat receiving part has outlet placed in a higher position than inlet, 
[said] heat radiating part has inlet placed in a higher position than outlet, and [said] heat 
radiating part has inlet placed in a higher position than heat receiving part outlet. 

0008 

Note also that said cooling device may be either an air-cooled type or a water-cooled 
type, but that a water-cooled type is preferable from the standpoint of cooling capacity. 
Also, among water-cooled types in the event that internal guide pipe[s] circulating a 
cooling medium and a cooling tower cooling the cooling medium are used, the conduit 
pipes should preferably have a cooling part cooling [said] low-temperature side contact 
part of [said] thermoelectric module, and [said] cooling part should have its outlet placed 
in a higher position than its inlet, [said] cooling tower should have its inlet placed in a 
higher position than its outlet and [said] cooling tower inlet should be placed in a higher 
position than [said] cooling part outlet. 

0009 

Effect of the Invention 

Heating medium is at a low temperature immediately before entering the inlet of the heat 
receiving part, and begins to increase in temperature immediately upon advancing into 
the heat receiving part which is inserted into the heat source. Because the density of the 
thermal medium decreases as it is heated, a natural convection occurs with a natural 
movement in an upward direction. Because the inlet of the heat radiating part is placed in 
a higher position than the outlet of the heat receiving part, and temperature is maintained 
between the heat receiving part and heat radiating part, hot heating medium naturally 
moves upward out of the outlet of the heat receiving part, reaching the inlet of the heat 
radiating part effectively with no drop in temperature. Because heating medium reaching 
the heat radiating part is reduced in temperature as a result of heat exchange with the 
high-temperature side contact of the thermoelectric module, it thereby increases in 
density, and therefore naturally moves in a downward direction. 

0010 

In this manner a natural convection of heating medium occurs in the heat transfer pipes, 
thereby greatly reducing the amount of work required of the circulation pump in order to 
circulate heating medium at the desired flow rate. Thus it is possible to increase the net 
electrical power created by the thermoelectric generator system, and improve the 
efficiency of electric generation. 



0011 



Similarly with regard to cooling water flowing in the cooling device, as cooling water 
cooled in the cooling tower advances into the inlet of the cooling part, heat exchange 
occurs with respect to the low-temperature side contact part of the thermoelectric module. 
As a result, the cooling water increases in temperature and decreases in density, and 
naturally moves in an upward direction by means of natural convection. Thus it is 
possible to reduce the workload required of the circulation pump in order to circulate 
cooling water at the desired flow rate. 

0012 

Form of Embodiment of the Invention 

The following section provides a detailed explanation of specific configurations of a 
thermoelectric generator according to the present invention, with reference to the 
drawings. Fig. 1 shows an example of a thermoelectric generator (20) as applied to a 
garbage incinerator (10), whereby thermoelectric power generation is performed using 
the waste heat created by combustion of household garbage (16) placed by a crane bucket 
(12) into the combustion chamber of an incinerator (10). 

0013 

Thermoelectric generator (20) is configured with a thermoelectric module (30) having a 
high-temperature side contact part (3 1 ) and a low-temperature side contact part (32), heat 
transfer pipes (40) heating the high-temperature side contact part (31) of the 
thermoelectric module, and a cooling device (50) cooling the low-temperature side 
contact part (32) of the thermoelectric module, whereby the thermo-electromotive force 
created in the thermoelectric module (30) is converted to the same voltage as commercial 
power sources by means such as being fed to an inverter (22), etc. 

0014 

In one example of a thermoelectric module (30), p-type thermoelectric elements (34) and 
n-type thermoelectric elements (35) are joined between a pair of electrode plates (33) 
(33) and arrayed in a flat plate form horizontally and vertically as shown in Fig. 3, 
whereby adjoining electrode plates are electrically connected in series by means of solder 
(36). On top of electrode plates (33) (33) plates of ceramic etc. are joined to create a 
high-temperature side contact area (31) and low-temperature side contact area (32). Lead 
wires (37) are attached to the base end and terminal end comprising the thermoelectric 
elements of [said] electrically parallel circuits. 

0015 

The thermoelectric elements are not specifically restricted as to materials, and may use, 
for example, Pb-Te related thermoelectric materials which display excellent 
thermoelectric characteristics at temperatures from approximately 300°C to 
approximately 600°C, or Bi-Te related thermoelectric materials which display excellent 
thermoelectric characteristics at temperatures from room temperature to approximately 
300°C. For example it is possible to use a Bi-Te related thermoelectric material having p- 
type thermoelectric elements of (Bi 2 Te3)i. x (Sb2Te3) x , where x is from 0.7 to 0.85, and an 
n-type thermoelectric elements of (Bi 2 Te3)i- x (Bi2Se3) x , where x is from 0.05 to 0.15. 



0016 

Heat transfer pipes (40) have a heat receiving part (42) wherein thermal medium is 
heated, and a heat radiating part (44) heating high-temperature side contact part (32), and 
heat receiving part (42) and heat radiating part (44) are connected by connecting pipe 
(45) wherein thermal medium circulates. Connecting pipe (45) is covered with insulating 
material. Also, circulation pump (46) is placed in connecting pipe (45) connecting the 
outlet of heat radiating part (44) and the inlet of heat receiving part (42) and causes 
thermal medium to circulate. Heat radiating part (44) of heat transfer pipes (40) should 
preferably have a winding pipe configuration like that shown in Fig. 2, in order to greatly 
increase the surface area of contact with high-temperature side contact part (31) of 
thermoelectric module (30). Alternatively, a configuration whereby [heat transfer pipes 
(40)] are embedded in a metal with excellent thermoconductivity is also efficient. Note 
also in regard to heat receiving part (42) of heat transfer pipes (40) that winding piping 
similar to heat radiating part (44) should preferably be placed within the heat source, 
incinerator (10). 

0017 

A thermal medium used in a thermoelectric generator device according to the present 
invention should preferably be a thermal medium oil having a large change in density 
with respect to change in temperature, of which Barrel Therm 400 (Barrel Therm is a 
trademark of Matsumura Oil Co., Ltd.) may be stated as an example. The density of this 
thermal medium oil is 1045 kg/m 3 at 20°C, 990 kg/m 3 at 100°C, 920 kg/m 3 at 200°C, 892 
kg/m 3 at 240°C, 852 kg/m 3 at 300°C, and 810 kg/m 3 at 360°C. 

0018 

Cooling device (50) is comprised of conduit pipes (51) wherein cooling water circulates, 
and cooling tower (54) wherein cooling water is cooled, and conduit pipes (51) have 
cooling part (52) cooling low-temperature side contact part (32) of thermoelectric module 
(30). Circulation pump (57) is placed in conduit pipe (51) connecting the outlet of 
cooling tower (54) with the inlet of cooling part (52), and causes cooling water to 
circulate. Cooling part (52) of conduit (51) should preferably have a winding pipe 
configuration like that shown in Fig. 2, in order to greatly increase the surface area of 
contact with low-temperature side contact part (32) of thermoelectric module (30). 
Alternatively, a configuration whereby [conduit (51)] is embedded in a metal with 
excellent thermoconductivity is also efficient. Note that cooling device (50) need not be 
restricted to a water cooling method such as that described above, and may also be by 
means of an air cooling method if necessary. 

0019 

In a thermoelectric generator according to the present invention, heat radiation part (44) 
of heat transfer pipe (40) is placed in a higher position than heat receiving part (42). Thus 
in heat receiving part (42), the outlet (42b) is placed in a higher position than the inlet 
(42a), and in the heat radiating part (44) the inlet (44a) is placed in a higher position than 
the outlet (44b), so that the inlet (44a) of the heat radiating part is placed in a higher 
position than the outlet (42b) of the heat receiving part. Note that in the case of prior 
thermoelectric generator devices utilizing waste heat from garbage incinerators the heat 



source is placed in a substantially high position above the ground, and therefore heat 
radiating part (44) of heat transfer pipe (40) is placed in a lower position than heat 
receiving part (42) as shown in Fig. 6. 

0020 

Also in the case of a water-cooled cooling device (50) as described earlier, in cooling part 
(52) the outlet (52b) is placed in a higher position than the inlet (52a), and in cooling 
tower (54) the inlet (54a) is placed higher than the outlet (54b), so that the inlet (54a) of 
the cooling tower is placed in a higher position than the outlet (52b) of the cooling part. 

0021 

If for example as shown in Fig. 4, inlet (42a) and outlet (42b) of heat receiving part (42) 
of heat transfer pipe (40) have the respective temperatures of 240°C and 360°C, and inlet 
(44a) and outlet (44b) of heat radiating part (44) have the respective temperatures of 
360°C and 240°C, and if h represents the difference in height between outlet (42b) of 
heat receiving part (42) and inlet (44a) of heat radiating part (42) of heat transfer pipe 
(40), then it is possible to derive the difference in pressure between heat receiving part 
(42) and heat radiating part (44 ) by the following formula. In the case of the 
aforementioned Barrel Therm 400 thermal medium oil, the density of thermal medium oil 
ix 892 kg/m 3 at 240°C and 810 kg/m 3 at 360°C, therefore using h x (density at 240°C - 
density at 360°C) with h equal to 5 meters, we can calculate a pressure differential of 
approximately 0.04 kgf/cm 2 . And because a pressure differential of this magnitude can be 
obtained within the heat transfer pipe, it will be possible to obtain a flow rate by natural 
circulation without any problems. 

0022 

Thus in a thermoelectric generator device by means of the present invention, natural 
convection occurs in thermal medium flowing through heat transfer pipes, causing natural 
transfer of thermal medium, and therefore, it is possible to reduce the amount of work by 
pumps required to circulate thermal medium at the desired flow rate, and [thus] to 
achieve efficiency in thermoelectric generation. A thermo electric generator device by 
means of the present invention can obtain high electric generating efficiency when used 
for example to generate electricity from waste heat in garbage incinerators. 

Simplified Description of Drawings 

Fig. 1 is an explanatory drawing showing an example of a thermoelectric generator 
device according to the present invention applied to a garbage incinerator. 
Fig. 2 is an oblique drawing showing a simplified configuration of the heat radiating part 
of the heat transfer pipe and the cooling part of a conduit in the thermoelectric module. 
Fig. 3 is an oblique drawing showing a partial cutaway view of a simplified configuration 
of the thermoelectric module. 

Fig. 4 is an explanatory drawing of the heat transfer pipe. 

Fig. 5 is a graph showing the relation between the flow rate of thermal medium oil and 
electric power. 

Fig. 6 is an explanatory drawing of a thermoelectric generator according to prior art. 



Explanation of Symbols 



(10)... 


garbage incinerator 


(20)... 


thermoelectric generator device 


(30)... 


thermoelectric module 


(31)... 


high-temperature side contact part 


(32)... 


low-temperature side contact part 


(40)... 


heat transfer pipe 


(42)... 


heat receiving part 


(44)... 


heat radiating part 


(50)... 


cooling device 



Fig. 3 Fig. 4 
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Medium oil flow rate (m/sec) 
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